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SECTION ONE : INTRODUCTION

This manuscript is addressed to the manager and administrator
-

in higher education. It concerns the use of games and gaming, which

are simulated decision-making. More specifically, we are concerned

with the use of games in situations of resource allocation for

budgeting and long-range planning.

Section two starts with basic definitions and concepts (including

definitions on games and gaming). This is followed by a discussion

of the scope and.nature of games and its development.

Two games are identified as being currently used in higher

education. These are USG and RRPM 1.6. They are discussed

An some detail in Sections 3 and 4 respectively followed by their evalu-

ation and comparison in Section 5. Finally in Section 6 there is an

evaluation of games : its uses and limitations.

For further study there is an annotated bibliggraphy to

complement the many citations to specific references made

as footnotes in the text.

There is reference Material in the appendices. It includes

an annotated guide to the extensive literature on RRPM 7.6. There

is no such material easily accessible on USG and hence this

appears in the Appendices. It includes a systems flow chart and a

listing of the computer program to enable the reader to run USG

himself. Also included is a numerical solution to complement

the discussion of the logic in the text.

The games discussed are mathematical and computerised. However,

there are no prerequisites in mathematics or computer science

required of the reader. All needed concepts are developed

from elemental and primitive terms used in higher education.

These concepts are illustrated by means of block diagrams.



-7-

SECTION TWO : BASIC DEFINITIONS AND CONCEPTS

2.1 Definitions

A common use of the word "game" iT the activity played for

pleasure and recreation such as chess,. checquers or dominos.. In

this monograph we are also concerned with games, but one of a very

serious nature. In it the participans (called players) work in

groups (called teams),. on a'problem. They take decisions of an

economic nature such as level of price, the rate of work or

production and the allocation of resources. The results of these

decisions are calculated somewhat as if the decisions were made'in

real life. Based on these results (called feed-back) the teams

make further decisions. Again, they are informed of the results

knowing whether they made good decisions or bad decisions. In

a sense then, this type of game is a decision-making-laboratory

much like .a science laboratory. In it, one can experiment such

as not al ]owed in real- life and make mistakes without the iMplicatIons

of the costs of such mistakes were they made in real life. Also,

the decisions are made rapidly without waiting for months or years

as one would in real life. Thus the results of decisions of many

years of real life can be compressed into a short time. The 'real

world is simulated and (immitated) but, in spite of the artificiality

of the game world, there is learning resulting from the playing of -

the game.

There are other benefits of such games and these will be discussed

later along with examples of such games in the context of their

historical development. First, however, we need to define some

other terms that are similar or related.

One is gaming. This is the use of games as defined-- -above but

distinct from oeipIati_onaLicafLnin that is concerned with the finding

of optimal solutions. These terms(1) are also distinct from

the "Theory of Games" which is concerned with optima] economic

(3) For a further distinction of games and related terms, see
A.Rapoport Rights, Debates and Games, or its French translation
Combats, Ddbats et.Jeux Translated by J. de la Thdbaudiere
Paris : Dunod 39 1.
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behaviour and enunciated by von Neuman and Morgenstern.

2.2 History of Games

The earliest games were the Prussian War Games. The :.formal

economic games of the type to be discussed in this monograph started

with the AMA Gate (2).
in 1957. In the next four years, there were

over,100 such games ( ) largely business games, played by over

30,000 executives ( )
. The game first to be used in a university

environment was the University Administrator's Decision Laboratory(5)

by IBM.

There have been other educational games (.6)
including one by

Jim Gunnel (7) who was interested more in faculty recruitment

and deciSion-making and one by Forbes (8) which was concerned with

tuition rates, hiring of faculty, salaries, admissions standards,

assignment of load, or the acquiring of equipment and space. But

none of these games were concerned with how changes in curriculla

affected resources required. They did-not use the programmed

'concept of output nor did they use the PPBS (Program Planning and

Budgeting System) approach for calculating the next year's budget

and the long range plan,. This had to wait till the late 60's

and the acceptance of the PPBS concept into higher education along

with the development of program budgeting models. In this context

we can define a model as an abstract representation of a situation.

(2) Franc M. Ricciardi, et. al, Top Management Simulation : The AMA
Approach, New York ; American Management Association Incorporated,
)957.

(3) For a.description of many of these games, see J.M. Kibbee et al;
Management Games, New York : Reinhold Publishing Corporation, 1961.

(4) R.C. Meier et al;,_ Simulation In-Business-and Economics.
Homewood III : Richard Irwin, 1969, p.182,

(5) W.V. Klaproth, University Administrator's Decision Laboratory,
360 version 1966, S/360 General. Program Library, 360 D-15.].001

(6) For a list and discussion of educational games 'see Derick Unwin
"Simulation and Games" in P.J. Tansey (ed) Educational Aspects of
Simulation. London, McGraw Hill, 1971,pp 247-267.

(7) J.IGunnel "University Faculty Recruitment : A Man Machine Game" in
International Journal of Theory Design and Research, Vol. No. 3, \

Sept. 1971, pp 349-375.
(8)_ J. Forbes. 'Operational Gaming and Decision Simulation" in

Journal for Educational Measurement Vol. 2 No. 1..-June ]965
pp 15-18.
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In.this case the mode) was a mathematical model where mathematical

statements were used to represent outputs resulting from a set of

inputs or decisions. Repeatedly running this Model would "simul ate"

or "imitate" reality.

Such models of simulation developed for higher education in the late

sixties'and early-seventies. They include models like CAMPUS, CSM,
ti

RRPM, HELP, CAR:SC that were developed in the U.S. and HIS and TUSS

developed in Europe (9) But these models were fairly complex in

structure and the concept of models and simulation were new to

administrators in higher education. To train them on the structure

and use. of the mode], it was necessary to develop gaming models

that would be somewhat simpler than those to be used in actual

decision-making. These models have since been used quite

extensively and i.,. the subject of the reminaing part of this

monograph.

There are many such games that have been designed and used.

Some have been superceded by more recent versions. Currently,

only two exist. One is USG (University Sumulation Model) and

the other is RRPM 1.6 (Resource Requirement Prediction Model,

6th version of mode] l).

USG is the simpler of the two models. It corresponds to

only part of RRPM J.6. And this is the first part which makes

it logical to discuss USG first. This is done'in Section 3 followed

by a discussion of'the extension of USG in RRPM l.6. This is

done in Section 4. In both cases, we shall be concerned with a

.
basic knowledge of the game model that is necessary to play

the game and appreciate its capabilities.

For a discussion of these models, see Hussain, K.M.
Institutional Planning Models in Higher-Education,

Paris : CERI at OECD, 7973.
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SECTION THREE : U.S.G. MODEL

3.1 Introduction

USG was developed at the University of Utrecht in the Netherlands.It was designed to train peop)e in the use of TUSS, the model
actually used for resource planning and budgeting at the University.The main difference is that TUSS starts at the much more basic
and detailed revel of the courses taken by students and from it
develops the load on the instructional

personnel., Then, at thesecond level it calculates resources and some resource indices.It is for this second level-that USG is designed. The game has beenplayed not only by university administrators but also.by students.At Utrecht, the students Tarticipate in university management andUSG is designed to provide them (along with management) with an,
understanding of the variables involved and their inter-relationships.

The main calculated results of the USG are as follows
:

Surplus or shortage of teaching hours
. Salary cost for teaching
. Teaching cost per student
. "Student /staff ratio
. Staff/assistant-ratio
. Curriculum quality index

Note that we are basically concerned-with resources and
these are limited to resources-in teaching. Given these
resources we calculate ratios and indices to measure certain
criteria. This is done for each "faculteit" or academic
department. In the game, all the teams will be typically playingfor the same department in order to be able to compare their
performance.

But how are the output
calculationsoade? What are the

decision-variables or control variables (values determined and
"controlled" by decOeion-maker) and parameters (values fixed and
not controlled by decision7maker)? What are the assumptions and
definitions involved? What is the significance or use of these
calculations?

10

1
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The answers to the above questions is the c of this chapter.

It will,be attempted through a set of diagra s(Figure 3.1 - 3.8)of
the,flow of input and output, identifying by special symbols

211 the decision variables, parameters and outputs. These

parameters and de ision variables are also listed in one ofthe
appendices on, SG.

3.2 The logic of USG

In calculating resources required for, teaching,USG takes the position

that teaching personnel have three main responsibilities : teaching,

research and "other" activities which include administrative work

and public servise, But the research and "other"activities are

difficult to-calculate or estimate directly. Therefore they are

assumed to be a fraction of teaching effort. Thus the teaching

effort becomes crucial to tile U.S.G. mode).

Teaching isdone by two types of personnel : teaching staff

that are professional teaching employees, and student assistants

that are temporary employees These are referred to, as "instructional

staff". In addition, there is staff employed in curriculum

development who do not actively teach tho..4;h they are typically

teachers by profession. In USG they Are personnel ii-volved in

developing and improving programs for self instruction. They

are more a development investment rather than operational recuring

teaching costs.

The instructional resources are considered a direct function

of the effort by each student in that academic department. This

is shown in Fig. 3.] where one starts with a decision variable of

the hours spent by each student (box J identified by the number

on the top right hand corner of the box). Another decision

variable is the distribution of the student effort in six different

activities. These activities are :

J. lectures

2. selfinstruction

3. smallgroups

4. laboratories

5. exams .

6. individual work

a
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This percentage distribution (box 2) when multiplied by the

hours of effort by each student per year (box ]) gives the hours

spent in each of the six different activities (boxes 3-8).

,These hoiirs of effort are converted to teaching resources

required, but different types of effort have different rules

of computation. There are three of these types of effort. One

includes lectures and self-instruction. This is independent

of the number of students involved but is dependent on the number
of levels of students. These are discussed with Figure 3.2.

The second type includes small-groups and laboratories that are

dependent on the number of students and maximum class-size. This

type is discussed with Fig. 3.3. And finally, there is the third type

that is only dependent on the number of,students. This type is
discussed with Figure 3.4. Each figure will now be discussed in

turn.

The hours spent in lectures by a student (box 3 in Fig. 3.2

and calculated in Fig.. 3.I) is multiplied by the ratio of instructional,

staff hours per hour of student (oval box 9) to give the hours spent

by instructionalstaff.for lectures (box 10). The calculation is

-'represented'as0 =(3)X(Din the box ]0. Similarly, the hours

spent'in self-instruction per student (box 4) when multiplied by

the ratio of hours of instructional staff for each hour by student

(ova] box ]]) gives the total hours of instructional staff for

self instruction (box 12). When this is added to the hours.spent

on lectures (box JO), we get the total hours spent by instructional

staff on lectures and self-instruction (box 33).

In these sets of calculations we have used parameters for the

first time. These were the ratios of hours spent by

instructors per hourby student in lectures and self - instruction (oval

boxes 9 and 1] respectively). In the TUSS model, these would be

decision variables. In the game version USG, their values are

fixed and hence they are parameters. This reduces the number

of decision variablesin the game. It may reduce the flexibility

of the game but it makes-the game faster to run and conceptually

simpler to comprehend. Alsopif there a!re too many decision - variables

that are changed in each play of the game, then it is difficult to

identify which vari ble or relationship caused the change in output.

13

Ma

A



/
/
(
R
a
t
i
o
 
o
f
 
h
o
u
r
s
 
s
p
e
n
t
 
b
y

i
n
s
t
r
u
c
t
i
o
n
a
l
 
s
t
a
f
f
 
f
o
r

e
v
e
r
y
 
h
o
u
r
 
s
p
e
n
t
 
b
y

\
\
\

s
t
u
d
e
n
t
 
i
n
 
l
e
c
t
u
r
e
s

1
9

H
o
u
r
s
 
s
p
e
n
t
 
i
n
 
l
e
c
-

t
u
r
e
s

p
e
r
 
s
t
u
d
e
n
t
)

(
F
r
o
m
 
F
i
g
u
r
e
 
3
.
1
)

H
o
u
r
s
 
s
p
e
n
t
 
b
y

i
n
s
t
r
u
c
t
i
o
n
 
s
t
a
f
f

(
f
o
r
 
l
e
c
t
u
r
e
s
)

1
1
0

R
a
t
i
o
 
o
f
 
h
o
u
r
s
 
s
p
e
n
t
l

1
1
\
\

b
y
 
i
n
s
t
r
u
c
t
i
o
n
a
l
 
s
t
a
f
f

f
o
r
 
e
v
e
r
y
 
h
o
u
r
 
s
p
e
n
t

b
y
 
s
t
u
d
e
n
t
 
i
n
 
s
e
l
f
-

i
n
s
t
r
u
c
t
i
o
n

H
o
u
r
s
 
s
p
e
n
t
 
i
n
 
s
e
l
f

i
n
s
t
r
u
c
t
i
o
n
 
(
p
e
r

s
t
u
d
e
n
t
)

1
4

Y
e
a
r
s
 
o
f
 
s
t
u
d
y
 
i
n

c
u
r
r
i
c
u
l
u
m

H
o
u
r
s
 
s
p
e
n
t
 
b
y

1
1
3

i
n
s
t
r
u
c
t
i
o
n
a
l
 
s
t
a
f
f

(
f
o
r
 
l
e
c
t
u
r
e
s
 
+
 
s
e
l
f

i
n
s
t
.
)

(
p
e
r
 
y
e
a
r
 
o
f

c
u
r
r
i
c
u
l
u
m
)

(
F
r
o
m
 
F
i
g
u
r
e
 
3
.
1
)

H
o
u
r
s
 
s
p
e
n
t
 
b
y

I
n
s
t
i
t
u
t
i
o
n
 
s
t
a
f
f
 
(
f
o
r

s
e
l
f
 
i
n
s
t
r
u
c
t
i
o
n
)

A

ox

O

H
o
u
r
s
 
d
f
 
i
n
s
t
r
u
c
-
 
1
1
5

t
i
o
n
a
l
 
s
t
a
f
f
 
(
f
o
r
 
l
e
c
-

t
u
r
e
 
+
 
s
e
l
f
 
i
n
s
t
r
u
d
t
i
o
4

f
o
r
 
a
l
l
 
y
e
a
r
s
 
o
f
 
c
u
r
-

r
i
c
u
l
u
m

F
i
g
u
r
e
 
3
.
2

C
a
l
c
u
l
a
t
i
o
n
s
 
f
O
r
 
l
e
c
t
u
r
e
 
a
n
d
 
s
e
l
s
t
r
u
c
t
i
o
n



-16-

For these reasons the game designer retains the important game

variables (necessary for a realistic environment) as decision variables

and fixes the remaining values as paramaters. This is the prerogative

of the designer based on his objectives and perception of the

environment hat he wishes to simulate. He always has the problem

of selection* as to balance-realism of the environment with

simplicity and ease of playing the game within specified boundaires

of the environment./ However, if a user wishes to change the

environment; or some of the parameters with decision-variables, he

can theoretically do so. It would involve some computer reprograming

and changing the input forms.

Back to Fig. 3.2. Fhe hours spent for the instructional staff

calculated (box 13) was for one year since the hours .of effort per

student we started with.(box 1) was for 1 year. This is

assumed (perhaps a heroic assumption) to be the average for al]. the

levels of the student. Thus the total instructional hours for the

institution (box 15) would be the hours per year (box 13) multiplied,

by the number of levels of the student which is the same as the

years of the curriculum .(box 14).

Note that the instructional effort is a function of the hours

spent by each student. This implies independence of the number of

students involved. This relationship is somewhat obvious for

self-instructional activities like courses taught through CAI

(computed-aided-instruction), programmed instructibnal texts,

TV or audio-cassettes. But in lectures (i.e. class meetings)

there is typically a size consideration. In USG, however, the

number of lectures is independent of the number of students. It

is'always one (i.e. the more students in the class, the larger
the class room but still only one "lecture"). If, however, size

is important or significant, then it ia no longer called a "lecture"
but rather a "small group" or elaboratory", the latter typically
requiring equipment and work of a practical nature. These types of
meetings have staffing needs that must be calculated differently
and this is'Shown in Figure Y).

1

1 r0
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With small groups and laboratories we start off as with lectures

and self-instruction, We:take the hours spent by students in small

groups and laboratories (boxes 5 and 6 respectively) and multiply

each by its ratio of hours spent by instructional staff to student

(oval boxes 16 and 18 respectively) to give the hours spent by

instructional staff in small-groups or in laboratories (boxes 17 and

19 respectively). These when added together give the hours spent by

instructional staff in groups and laboratories (box 20). This value,

however, for all the students assuming they were in one group.

But by definition, small-groups and laboratories are size dependent.

Thus the hours spent by instructional staff (box 24) will be the

hours spent by instructionai staff (as in box 20) multiplied by the

number of groups of small-groups or laboratories. (box 23). The

number of grouPs is the total number of students (for an the

levels of students) (box 21) divided by the maximum group-size-

(box 22). These latter two values are decision variables in the

game, but note that the maximum class-size in.USG is independent of

the level of student. Typically this decreases as the leVel

of student increases i.e. the average maximum class size for the 4th

year is typica3iy smaller than that of the 3rd year or certainly less

than the 1st year student. Note again, an important assumption.

We now have the last category of student effort ; exams and

individual work. This is shown in Fig. 3.4. Again we take the

time spent by each student (boxes 7 and 8) and multiply it by the

ratio of instructional staff effort to student effort(Oval boxes

25 and 27 respectively. Adding the two components fOr exams and

individual work (boxes 26 and 28) we get the total instructional

effort for exams and individual work (box 29):.. (Individual work

includes such activity 1ike thesis writing, excursion etc.)

The effort calculation (box 29) is for one student since

the initial value of effort (boxes 7and 3) was for one student.

We must therefore multiply this (box 29) by the total number of

students at :all levels of the curriculum (box 23), which is a

decision iiariab3e, to giveus the tote) hours of'inetructiona3

staff resulting from the responsibilities of exams and individual

work (box 30).
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We can now add all thecomponents ofinstructional staff effort
(boxes 15, 24 and 36) to give us the total instructional staff

effort in hours of teaching (box 31 in Fig. 3.5). This effort required

must,be compared with the effort available to give the shortage or

surplus of effort The effort available is first calculated in terms

of full- time - equivalent persons (i.e. F.T.E.) This is done by

adding the teaching staff available (box 32) and student assistants

available (boX\33). Both these are decision-variables. Their,

summation gi4es us the total instructional staff available for,

teaching (box 3 ) in FTE. Note that this does not include the

staff for curri ulum development because in the mode] they do not

teach as such.

The FTE available must now be multiplied by the average hours of

work per F.T.E. per academic year (oval box 35) which is a parapeter

in the model. This multiplication gives the total hours of

instructional staff available (box 36). But not all this effort

available goes to teaching (part of it goes to research and part

to "other" activities). To determine the effort available

for teaching (box 38) we need to multiply the hours of instructional

staff available (box 36) with the ratio of time of instructional

staff available for teaching (box 37) which is another decision variable.

The teaching/hours (of instructional staff) needed for teaching

(box 31) is then subtradted from the hours available (box 38) giving

a surplus (if positive) ar a shortage (if negative). This is a

result that appearS in the output (output report symbol 30,

We shall now discuss the caldulations of the different ratios

'shown in Fig. 3.6: First the student-staff ratio. Staff here is

defined as all staff available for 'Instruction i.e. teaching staff

(box 32), student assistants,(box 33).. nd in curriculum development

(box 4o). All these are decision var ableS. This total staff.

'(box 41) is divided by the total numbe of students (at all levels)

(box 21) giving a staff student ratio utput symbol 42).
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In the staff-assistant ratio, staff is defined as only the

teaching staff available 'box 32). This divided by the student

.ssistants available 'box 33) gives the staff- assistant ratio (output

symbol 43) .

The final ratio is cost per student. The cost here is only

the salary costs. There are two average annual salary rates.

One for teaching staff and Staff in curriculum (oval box 46) which

when Multiplied by the sum of teaching staff (box 32) and curriculum

staff (box 40). OVes the salaries for teaching and curriculu:11 st aff..

(box

Note that in this calculation we assumed no ranking amongst the

staff for purposes of salary. Only -One average salary for all staff

is assumed. One may argue with the aSsurription but the designer had the

trade-off between simplicity and realism. The more the realism, i

the greater the complexity and less the simplicity. The designer

chose simplicity without hopefully giving up much realism. The mode]
!J

could be expanded later to add realism and hence complexity'
O)

The other salary cost component is for student assistants.

This is determined !box 45) by multiplying the student assiitants.

in FTE available (box 33) by the annual average salary f9r student

assistants (oval box 44).. This, salary rate and.the rate for. the

other staff are both parameters.

Adding the salaries for student aSsistants (box 45) with the

salaries for teaching and curriculum development (box 47) gives total

salaries (box 48) which when divided by the total number of studentS

at al) levels !box 21)\gives the salary cost per student., (output

symbol 49).

We have one more set of calculations. This concerns the

"curriculum quality. It.has.two components': one is the

Weighted hours spent'by each student and. is shown in Figure 3.7;

the other concerns class size and curriculum years, This is shown

in Figure 3.8.

(JD) For- game design constructions, see Richard. Bellman 6.7.;

"On the Construction of a Multistage, Multi-Person Game's

Operations Research Vol. 5 No. 7 August,J952.
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The first component is the mu]tiplication o.c the hours Spent in

each activity by each student (boxes 3 - 8) witti its respective

weights (oval boxes 50-55). The sum of all these weighted values

gives a quality score (box. 56a:

The weights are parameters. For example, typically there would

be a higher weight for small-groups than for lectures. This

assumes that instruction would be better in small-groups and

hence the quality of the curriculum (or the educational program)

would be more enhanCed.

The other consideration of curriculum quality is that of group size.

This is shown in Figure 3.8. The quality score is calculated.by the

following formula:

Quality score = (Noi- of hours spent by student in small groups and

laboratories/year) x 0.5x(15 - maximum group size

for small-groups and laboratories).

In other words, as the group size increases the quality score

drops because .a larger maximum group size is considered directly

proportional tp lower quality of curriculum.

In Figure 3.8, the quality weighting formula for group size.

is shown(in oval box 57); the maximum group size (box 22);

the hours spent in small groups (box 5); , and in laboratories

(box 6) are used to calculate the quality score for,group-size (box 58).

This when summed with the quality score for student effort distribution

.(box 56) gives the pombined quality score for effort and .group-size

(box 59). This must be multiplied by the length of curriculum in

years (box 14) to give the total curriculum quality score (box 60).

This score it divided by a sndard score (ova] box 61) to give

an index of ourriculum qualitY. (box 62).
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This concl.udes the discussion on the basic logic of the U,7:4

mode]. It derives all tne calculations that appear in the output)

a sample of which appears in Fig. 3.9. The output also lists some

decision variables, and intermediate output for purposes of record

for the game player. References of each line in the output to the

text is shown in Appendix B. Also, as'an appendix is a p1ob]em

and its numerical solution illustrating every step of the

computations made in the USG and corresponds to the flow diagrams

in this chapter. It is designed to elaborate and reinforce the

discussion of the logic in this chapter.

The logic of the USG Mode] does-indicate an important limitation :

the scope of the model is limited not only to just the academic

sector but to the teaching resources therein. This restriction is

relaxed in another gaming mode] : RRPM 1.6. It is the subject of

our next section.
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qNIVERSITY OF 'UTRECHT BIOLOGY

GENERAL DATA ,

SHORTAGE/SURPLUS T- H')URS (IN 1000§)

73-74

- 207.60
STUDENT /STATE RATIO 2.00
STAFF /ASSISTFNT RATIO 3.00
.CURRICULUM QUALITY 90.65
SALARY COSTS (USD, IN 10000'S) 43.00
SAL-COSTS/STUDENTS (USD, IN 100'S) 8.60

CURRICULUM
STUDENTHOURS/YEAR tI4 100,S) 16.00
PERCENTAGE LECTURES 40.00
PERCENTAGE SELF INSTRUCTION '3.00
PERCENTAGE SMALL GROUPS 10.00 .

PERCENTAGE LABORATORY 12.00
PERCENTAGE EXAMINATIONS '20.00
PERCENTAGE INDIVIDUAL WORK 1501
CURRICULUM YEARS 5.00

PERSONEL
STAFF IN rEAGHING 15.00
STUDENTASSISTENTS 5.00
STAFF IN CURRICULUM lEVELOPEMENT 0.00
PERCENTAGE SPENT ON TEACHING 40.00
PERCENTAGE SPENT ON RESEARCH 30.00
PERCENTAGE SPENT OH OTHER ACTIVITIES 30.00

STUOENIS_
NUMBERL.40- STUDENTS 500.00
GROUPSIZE MAXIMUM 10.00
NUMBER CF GROUPS 50.00

Figure 3.9

Computer output for problem
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SECTION FOUR : RRPM 1.6.
4.3 Introduction

RRPM is afamily of models developed by the National Centre for

Higher Education in the U.S. During the. development of the first

operational version, there was a need felt for a model that Could

be used for training management in a gaming situation. In response_

to this need, CEM(3]) (Cost Estimation Model) was developed. Then

came tae first operational version, RRPM 3.3 with its own gaming subset

,called RRPM 1.35. All these were superceeded by RRPM 1.6 which

is not only a gaming mode] but alSo one that is used for programmed

'planning and budgetitag..In ]973 there were J27 institutional users

of this model and the/CEM 2
)

In the gaming mode, .RRPM 1.6 can be used for decision-making

at the instructional departmental, level or at higher'institutiona3

management levels. It ca]cutates a]] resources required for the

academic and the non-academic sectors. It is this second sector

an the non-teaching resources in the academic sector that does not

exist in USG and it is here that RRPM 1.6 can be used as an

extension or continuation of UST. The USG is more relevantto the

European context and hence should be used in Europe for the teaching

sector. It could then be extended to the rest of the Institution

by using RRPM 1.6. It is this extension that we are concerned

with in this chapter. In it,we will examine the logic of this

extension and in a somewhat brief and summary manner (we are

concerned only with what is necessary to play the extended part of

RRPM 1.6). For the detailed logic and numerical examples of

solution (of the extension and the earlier part of the model), the

reader is referred to Clark et 0(13).

4.2 Partial Logic of RRPM 1.6

The partial logic. of RRPM 1.6 to be discussed in this chapter

is shown in Figures 4.3 and 4.2. We start with the salaries for the

instructional staff. (box 1 in. Fig. 4.l). This is calculated in the

U.S.G. or in the earlier part of RRPM 3.6., though the .approacIa

(33) Springer Colby, Cost Estimation Model, Boulder Colorado :

NCHEMS at WICHB,
(12) NCHEMS; DirectOrs:Annual Report, 7973 p.l3
(13)"Clark,et. al. Introduction to the Resource Requirements Prediction

Model 1..6.--Technical Reportlio. 34A. Boulder Colorado: NCHEMS
at WICHE 1973.
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is very different. In USG, one allocates the student's effort

while in RRPM l.6 one develops the teaching load by using an

Induced Course Load Matrix (ICLM). This ICLM approach is also

used by TUSS, the mode] used at the University of Utrecht, which alto

developed the USG.

In addition to teaching salaries, there are in every teaching

cost center,"other"salaries. These are for personnel like

secretaries, student assistants doing non-teaching work and clerks.

They need to be calculated for each cost center (in academic and

non-academic sectors) and this is done either at-the discipline or

departMental level.

To calculate the non-teaching staff (box 4) we used a staffing

relationship (box 2) and its relevant coefficients (box 3) which

in the RRPM. 1.6 are .ail decisiOnLvariables. The relationship is

typically of the form :

Y =a+b X
1
+b2X2+--+bnXn

where Y = variable to be estimated

a = fixed coefficient

b's = variable coefficients

X's = the variables used for estimation purposes.

There is no practical limit to the number of X's that are used.;

They could also be zeros, in which case Y is fixed and Y = a.

Typically, there is at least one X_ For example, the staff (in an

academic department) is a function. of the number of teaching staff

(or faculty),.. This then becomes X4. In the case of the RRPM
.

this value is calculated in previous computations and is known tO

Lice Computer program, (hence this is not shown in Figures 4.1 an4 4,2).

If, howev,er, the variable were exogenous (external to the Model)Ilike

the number of letter enquiries received by the department, then th1s

variable must be. provided. In most cases this does not occur 4nd

hence it is also not shown41n Figures 4.1 and 4.2. But the functional

relationship and the coefficients (fixed and variable if any) mUst be

provided as decision-variables (boxes 2 and 3 respectively). "This

information enables the calculation of non-teaching staff (boxi4) in

FTE which when multiplied by the average annual salary of each/staff

:(box 5) gives the non-teaching salaries (box 6) in the academic sector.
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There may be more than one staff type each having a different

average annual salary and a different estimation relationship and

coefficients. In such a case, there must be a set of estimation

relationship, coefficient and salary for each category of staff.

Again this is not Shown in Figure 4.1 for sake df simplicity.

Having calculated salaries, we need to calculate all other costs.

These include supply, travel, communications, etc. This is a

residual category to account for all non-salary costs that can be

directly associated with the academic cost center. To estimate

this cost component (box 9) we peed an estimation relationship (box 7)

and its coefficients (box 8).- Again, as with staff costs, we May

have more than one set if the categories are non-hOmogenedus for

costing estimation purposes.

We now calculate the total direct costs for each cost'center

(box 30) by summing the teaching salaries (box 1), non-teaching

salaries (box 6) and "other" expenses (box 9).

The calculation shown in Figure 4.3, is done for each of all the

academic cost centers. All these calculations are shown as boxes

ll and 1.2 in Figure 4.2. They are aggregated (or summed) to give

the total Direct Costs for all acadeMic cost centers (box 13).

What remains now, is the non-academic costs, also known as

"overhead" or "support costs" or "indirect" costs. This is

Calculated (box 1.6) with one funCtional relationship (box 14)

and one set,of coefficients (box 15). This cost when added to the,

total Direct Costs of-all academic departments (box 13) gives

the total institutional costs (box 17).

The functional relationships for non-academic support (box,14)

and the academic support (box 7) are similar conceptually to that

used for staffing (box 2.) Except, however, that in estimating

support costs we specifically use more than one variable. Consider,

for example, the supply cost used by a cost center of the department

of chemistry. It may appear as follows

Y = a + bl X3 + b2 X2 + b3 X3

Where X
1
= No. of student contact hours in lecturing (in the
Chemistry department).

X
2
= No. o- student contact hours in laboratories (in the
Chemistry department).

X
3
= No. of teaching staff (FTE) (in the Chemistry department).
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Then the coefficients are as follows :

A = fixed cost (independent of student or staff or other variable),

supply cost per student contact hour in lecture (in the

chemistry dept.)

b
2

supply cost per student contact hour in laboratories (in the

, chemistry*dept.

b
3

Supply cost per FTE teaching staff (in the chemistry dept.)

This type of relationship is not confined to RRPM 1.6 or for

that matter to educational modeli. They are used many times in

every day life.: *For examp3e,it is used to calcUlate the taxi fare

in most countries. When one engages a taxi,. even without it moving

an inch, the meter shows a cost - a fixed cost (coefficient a). To

this is added the product of th,e kilometers_traVel3ed (Xi) and the

cost per kilometer (coefficient bii). Then, if there is a long

wait, there is the product of the time waited (X2) multiplied

by the Coefficient of cost per time unit waited -(0-2). Also, if

you have baggage, then there is an additional cdst of the number 'of

bags (X3) multiplied by the cost per bag (call it the baggage;

coefficient ..b3):

The relationship and the coefficients in our taxi.example are

determined by some bureaucrat responsible for such things and is

programmed into the meter. Similarly, in the RRPM 1.6 model we'

need to state the relationship and coefficients. In the game version,

this must be done by the.team or players.

We need one relationship (or equation) and one set of

coefficients for each support cost dategory'and for each

academic cost center. Note the large number of estimation

equations for support costs for each academic cost centers and'yet

only one estimation equation for a]1 non-academic support. In

the earlier version of RRPM (i.e. RRPM ].3) there were more such

non-academic support equations 0 4 1 but the users found them difficult

to state (35) an somewnat'mone difficult to determine the different

cost coefficInts. Hgnce the aggregation inv'RRPM

(34) Hussain K.M. A Resource Re uirements Prediction Model (RRPM 1):
Guide for the Project anaRer. Boulder,Colorado:NCHEMS at WICHE
3971 p. 11

(15) See Hussain and Martin (3971) for experiences of pilot
institutions that implemented RRPM 1.3. .
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There are some logic relationships that have been deleted. For

example, RRPM 1.6 considers the salaries of a department chairman

for each academic cost center. This has been deleted because it

is not relevant to the playing of the game in the extended version.

Also, RRPM 1 .6,\the costs are allocated within each academic ,

cost center to each ,course level. This enables Calculating cost

for each course level. which when used with the ICLM, gives unit

costs at each student 3eYel. A discussion Of such costing

.
will require a discussion of the ICLM, the credit hour concept,

course levels and, the cUrricOa pattern which is quite different

to the European environment. Therefore it is deleted.. But

again, the interested reader is referred to Clark et.al. 1973.

There arc, however, many Unit costs which,are calculated and

will be mentioned. These are

3. Cost per student credit hour in -%'ach discipline for

each course 7eye7 .

2_ Cost per-student Contact hour in each discipline for each

course level.

3. Cost per student in each academic program for-each student

This constitutes a minimum discussiongf the logic of the

extension of RRPM 7.6 to the U.S.G. Some logical differences between

the'USG.and RRPM 1.6 may be of interest to the reader and so it

is the topic of the next section.
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SECTION FIVE : COMPARISON OF GAMING MODELS

" 5.1 Purpose of, Comparison

In this chapter, we will be concerned largely with the differences

betwtta USG and RRPM 3.6,though references will be made to other models

as this becomes appropriate. Furthermore;in the case of

RRPM 3,6, the comparison and evaluation will not be confined to the

part of RRPM 3.6 that is the extension of USG but to the entire

model: Finally, the comparison will be. on -the logic as well as

considerations of implementing and running the mode].

5.2 Evaluation of USG and RRPM 1.6

Of all the gaming models and their Many versions, USG is by far

the simpler both conceptually and operationally. To run USG, one

can use a computer ir available. The computer programs are written

in a verysiMple set of the most common programme language (FORTRAN)

and requires very little computer storage making.it virtually useable

on any computer. In case of a 'Computer breakdown during the game,

the game administrator need not loose a heart beat (as the author did

in running RRPM 1.6) and can do the computations by using an adding

machine or a slide rule. This is impossible in the case of RRPM 1.6,

which requires not only a computer but one with the capabilities of

running the COBOL language.

USG can be run either in the batch-mode or on,a terminal. Its

output is in either Dutch or English and will soon be also available

in French. Thus it will cause few if any communication problems

when run in Europe.

Even with its simplicity USfl is able to convey the most

important advantages of a simulation mode]. That is, the

capability of generating answers to "what if"type questions;

.experimenting with different alternatives without having to pay

possible adverse consequences of the decision;and finally forcing

the players to analyse quantitative output and make trade-offs.
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Because of the small demand on understanding the game and

preparing the input, USG is very attractive as a first introduction

to gaming in higher education. Within an hour, a newcomer to the

game can start playing after being introduced to basic concepts of

effort distribution, class sizes, teaching staff needs, and personae].

ratios. Most important, and this is unique to USG, there is

a quality index, albiet a controversial and debatable one. But

an output index, the maximizing of which provides a goal and an

objective oriented attitude in the game.

The outputs of USG can be displayed so that comparisons can be

made. A team can.make decisions for up to fi e years in the

future and all the five year consequences can e displayed on oneq

Alternatively, the decisions of up to /five teams can be ,

displayed for any one year:- Such comparisons are not possible in

RRPM 1.6 because there is a great deal-of ou/put for any one year.

There is, however, the capability of comparing results of up to

9 different decisions in RRPM 1.35 (16),

In balance of some of its advantages, ySG has some limitations

including its heroic assumptions like;the class size and ratio of

instructional effort to student effort being independent of level

of student. Also, the USG has a very 'imited scope. It considers

only one academic unit. True the mode] can be run many times

once for each academic unit. But even then there is a serious

limitation. USG does not allow for any "crossing" between

academic units. Students in one academic unit must take all their

courses within that unit. In the university of Utrecht, when

there 'are only five "faculteitst', this is quite realistic. But

there is a demand for,more faculteits and academic majors.with

students taking bourses in academic departments specializing in

discipline areas. Thus a physicist may take Maths 'in-the Mathematics

department rather than be limited(to the teaching of mathematics in the

Physics department. This freedom from the boundary

rigidities of the traditional educational system'can be seen in many

new .European universities. An example is the NewLisbon

University.that will start in 1976.

(16) Grlko W.W. and K.M. Hussain, A Resource Requirements Prediction
Model RRPM-1 - An Introduction to the Model, Boulder, U.S:

a C I P3
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The freedom of taking courses in departments other than

that of one's major in RRPM 3.6)enables its players to question

the consequences of different curricula requirements or different

student preferences on the load of each department. Also, the

player can ask oltganizational type questions : What if we were

to close the Engineering College? How Would it affect the load

in the department of Mathematics, English etc? These questions

can be asked in a game mode, but these are realistic queStions facing

many an administrator (or manager). The RRPM 7.6 answers such

questions when used in the operational mode as a too] of planning

and budgeting.

RRPM 3.6 generates the teaching resources ai'does USG, but in

addition it projects the resources for non teaching personnel,

(including administrative heads), as well as other support' expenses.

This is done for all academic units simultaneously, and then non-

academic resources are calculated giving the total annual

budget. This is the total operating budget not the capita]

budget. RRPM 7.6 (like USG)eis not concerned with space and

building. The earlier Version of RRPM 3.35 did space calculations")

RRPM J.6 does introduce the concept of institutional support costs and

allocation of such costs to academic programs giving unit costs per

student in each academic program as well as costs for a unit of

production (credit-hour or contact-hour).

The additional calculg.tions In RRPM J.6 has a price that must be

paid. The player has to invest more time in learning about

the logic of the model and there are many input sheet's that must

be completed. But for someone using RRPM 1.6 in the operational

mOde, there is little incremental cost of learning to play the

game. The benefits resulting from becoming acquainted.with the

mechanics and logic of the game are well worth his-effort. Besides

the game provides insights into the inter-relationship of variab3e4

and the proeqss of decision-making that is valuable for anyone

who has planning and budgeting responsibilities.

,A summary of the above discussion is presented in a tabular form

'fox' easy reference. This is done in Fig. 5.]

(17)See Hussain (]97]) op. cit. p. 12.
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Figure 5.1 : CoMparison of USG and RRPM 1. 6
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5.3 Scope of the Gaming Models

The scope of the mode] such as USG or RRPM.3.6 is a problem

often debated amongst game designers. Thomas and Deemer08) have

the following view :

"When as in operational gaming, the increased'diffidulty of

solution easily escapes notice, the temptation to enlarge the model

becomes all the greater.. . But this temptation to eUborate should

be the more strongly resisted in gaming. For to yield is to

court delusion. Not only is there the doubly diminished

effectiveness of solution mentioned before as a consequence,

of excessive elaboration, but there is also another difficulty

that arises in interpreting the results of gaming. One tends

to forget that the game is not reality itself. The "appearance of

reality" so useful in teaching becomes dangerous in application":

In the above context, neither USG nor RRPM 7.6 are "dangerous"

especially in Europe where the environment in each country is .

different anthis is i4cognised.As for enlarging the model,(19)e USG

certainly cannot be criticised. RRPM 3.61however, is an expanded

mode] since. it was primarily designed for operational use but

this expansion can be reduced by chanting decision variables into

parameters for the game. Simplifying the model has other

advantages : that of explaining and starting the game, of computation

of results, of administrating its.play) and finallylof easing and

speeding the decision-making during the game.

Neither USG.nor RRPM 1.6 are strictly competitive games. In

the case of the USG, the administrator of the game may decide to

state one objective for all the teams, such as maximize the curriculum

quality indoitx- Now if all teams are giVen the same starting

(78) Thomas C.J. and .W.L. Deemer Jr. "The Role of Operational
Gaming in Operations Research" Operations Research
Vol. 5 No. 7 Feb. 7957 Q

(39) An extreme example of a complex game with a large number of
variables is the Carnegie Tech. Game. It has 300 decisions
each period and nearly 2000 items of information to analyse .

after each decision. It is, however, designed for experience in
competition, negotiation, organization and reflection. For
details, see Cohen H.J. et. al. The Carnegie Tech Management
Game : An Experiment in Business Education. Homewood

Illinois : Richard D. Irwin, Inc. 1964.
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value's of parameters and the same environment in the problem, then

the game becomes competitive. But the game is not competitive

(and neither game is) in the'sense that the affect of the strategy

of one team affects the result of the other team strategy. Thus

it is not a zero-sum game. It is a non-zero sum game because the

loss of, one team is not the gain of another team. They do not

share'the student enrolment population; they do not share the available

funds; nOrdo they share the instructional staff availability.

The game ihfully deterministic with known parameters and known

relationships. The game is not probabilistic nor is it stochastic.

The teams;are\playing against "nature" which is typically neither

benign nor benevolent. However, for pedagogical reasons, the game

administrator may during the game change some parameters or even I

fix some decision variables. For example, he may announce,that here

is an unexpected change in the availability of funds for higher

education and so all instructional staff will. be increased by 20%

(or decreased by 20). Then "nature" is no longer neutraL.Also,

the game adAinistrator may fix the:share of a team (of students, staff

or funds) based on past performance (such as a'surplus of funds ci

staff) and then the game, could approach, a zero, sum gage but it i5 not

structurally designed that way as are some business games(2°)

5.4 Simulation models and Gaming models

One final topic : that of the difference between a game and

a simUlation mode]. We have made many references to'RRPM 1.6

as being a game as well as an operational model used in decision

making for budgeting and long range planning.In contrast USG

is Strictly a game. What then is the difference between a

simulation mode] and a game?

Klaproth(1) Makes the following distinction :

"While a management game used in a decision-making laboratory

is a form of simulation, it is somewhat different from the type of

simulation one would utilize to aid in the pi-ocess of making an

actual business decision. In the real problem context, one would

have deVeloped a simulation mode) specific to the particular

organisation with parameters inserted to reflect the actual expected

performance of the'process within the organisation. The .decision-

(20) A good example, is the AMA game. For details see Fricciardi et. al.
22. cit.

(21) W.W. Klopro'l 22. cit. pp 7-8 4.0
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maker would "try-out" various choices and observe the results

(he may also vary the parameters in an effort to determine what effect

changing conditions might have on his various choices): Ultimately

he would choose that decision which gave results most closely

reflecting his objectives.

In the game situation the participant is presented witha

situation and told to make a set of decisions. This set of decisions

is final, and while the participant"can see the results of his set of

.
decisions,'he has no opportunity to "try again" under t1'.,e same

situation. This difference between the gaming situation and the

actual utilization of simulation to aid in the decision-making

process is due to the totally different objectives of the two

. approaches. The game utilizedjn the decision-making laboratory

needs only representyealityto the extent that realistic results

are obtained from the decisions put into it. The performance required

of a specific simulation model. used to assist in a decision process

is much more exact."

There are other differences.. Games can be competitive with

malevolent opponents unlike a simulation model where one plays

against "nature" which is benevolent.'' Also, games sometimes

include elements of negotiation and bargaining like in the WARP
't

Industries game developed in Sweden. The game, however, is typically

more abstract'from realAty and there is more interaction between the

human player and the bstraction.

In summary, there are differences in function and hence sometimes the

,separate design of "simulation models and gaming models. And for a
.

Mart -pr effOrms both functions (like the RRPM 1.6) there. must be

compromises in design. This task was simplified in the case of

RRPM 1.6 because it is not a competitive model and'it was intended

to be simple in its structure even as a simulation model. It is thus

much less complex and therefore much less closer to the real. life

situtation than is CAMPUS, the next most commonly used model in the U.S.

It is also less conceptually complex in its academi sector than

the European models HIS and TUBS though it has a 1 rger scope in that

it includes the non - academic structure, non teachi instructional

costs and wait costs. -Also RRPM 1.6 had the advantage of evolving

r.
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from two other models, RRPM 1.3 and CEM. RRPM 3.3 was pritarilY

a simulation model while CEM was primarily a game. In the

extensive use of the CEM game, the designers learned much about

modeling. Thus the game was.used as,a modeling technique.

This use of a game will be developed further along with a

discussion of other uses and limitations of games. This is

the topic of our,next and final section.

42
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SECTION SIX : USES AND LIMITATIONS OF GAMES

There are at least three major uses of gaRing education .on a

model; training in decision making: and finally,gaming as a research

tool. These uses are not always mutually exclusivc, and hence their

discussion will be somewhat collective. Following this, we shall

discuss briefly some limitations of games.

6.1 Uses of Games

There is learning and discovery that often emerges from a

game in spite of its artificialness and inconclusivene&s. Goodman(22)

describes this as follows :

"Games.. involve an experience which,is dramatic without being

decisive. The players in addition to having freedom to discover

ends not predetermined; also have the freedom which comes from

the tentativeness of the gaming situation. Although the game

is exciting, involving, enraging even, it is never 'for real'.

Similar to the traditional conception of the essay, games, too

are tentative attempts which pretend neither°to absolute truth

nor,to final outcomes. They are, rather, an exploration, and

consequently winning and success may be relatively unimportant

in the long run In games...winning has More to do with

successful learning than with any score-keeping principle. It

is as if every engaged player wins, perhaps not blue chips or

a new contract, but some further insight, some glimpses, however

tentative, of further discovery....Vhat an indvidual discovers

of a given choice within the rule framework is, however, more

directly a function of his own ski]] and that Of his competitors

than a function of what his coach has said and done.. Each

rule he has received through the coach is something to be tested

and evaluated (even a formal game'rule): it is not to be

accepted as an ultimate simply because the coach favours it, or even

insists on it...He (the -player) 'experiments' with the environment

to IdiscoVer' the,ruae for himself...he acquires an education through a

process of discovering himself".

(22) F.L. Goodman, "In Introduction to virtues of gaming" in
P.J. Tansey (ed) Educational Aspects of Simulation 1971.

London : McGraw Hill, 7977. p.p. 28,30,36-37.
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The gaming model is an abstraction of real life but this has

its advantages. As Worth David( 23) points out .

enables the trainee (player of ,game) to sume a

top level administrative role without forcing/ ea) people

to suffer theMonsequences of a serious erro/ in judgement.

Free to experiment, td act without pressur to meet an

. immediate crisis with a.Y1 adequate but ineffidient solution,i

the trainee can concentrate on learningitechniques of rational

deCision making. -Srthermore, this freedom allows the

trainee...to apply tlie criterion of efficiency to' the broader

purposes of the or6nis4tion...Finaily,as advocates of bustness

simulations'have/pointed out,:the abstraction of the model

provides a powerful diagnostic.tool (24)
. Concentrating as it

does on the esZentia) element8 of the process, it may bring

previously 1(1hrecognised problems and relationships to the

attention of the instructor as well as the trainee ".

I

Gaming is often useful in the identification-of the information

needed for decision-making; extracting that information and

then -synthesizing and analyzing the available information.. Two

studies done by Dill and his associates (25)- show that players improved

in their ability to analyze and use data as the game progressed. One

may question the transferability of this knowledge of information

utilization (and principles of decision-making eechhiques.learned,

in games) to the real wor46). But .this is possible, given that

there is some realism in the game mode) (as is true of USG and

certainly true of RRPM 3.6) and a willingness' and open-mindedness

on the part of the player. There's some evidence that such a

player can be taught to make rational decisions throUgh gaming

(23) J. Worth David "Simulation in the Preparation of Educational
Administrators". The parenthesis have been provided by author.

(24) Z. Kukric "Training Managers through Decision-Making in
Simulation" in Simulation and Gaming. A Symposium, Management
Report No. 55, New York : American Management Association, 1,961
p 60-64.

(25) W. R. Dill et. al, "Strategies for Self Education". Harvard
Business ReviewNov. - Dec. 1965 pp 30-46 and William R. Dill
and Neil Doppett, "The Acquisition of Experience in a Complex
Management Game". Management Science. Vol. 10 No. 1
October, 1963.

(26) For a discussion of this subject, see J.D. Steele "How valuable
is Simulation as a Teaching Tool?" in Simulation and Gaming :
A Symposium 22. cit.:, pp 27-37.

4 4
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The information needed for analysis and decision is distinct

from two other types of information : one, the information needed

for playing the games (the mechanics and rules of play); and two,

the information (or knowledge) acquired during the game on

modelling, strategies and decision-making. These two types of

information were the subject of research by the psychologist Nei]

Rackham. His results are displayed (
.

27) in Fig. 6.1.

8
x

Fig 6.1 Information Curve

\\\

(27) Rackham N. "The Effectiveness of Gaming Simulation Techniques"
in Armstrong RHR and J.L. Taylor .(Eds.) Instructional Simulation
Systems in Higher Education, Cambridge : Cambridge Institute
of Education. 1970 p 207.
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A'

The information acquisition on the early sessions concerns

the rules and mechanics of the game. This soon flattens out.

Then it rises again and here the information acquired is the

]earning on modelling and decision-making. This kink in the

curve Will shift as the game becomes complex (to the right) or

simple (to the left).

Another curve also prepared by Rackham concerns perceived

enjoyment (28) as it varies with the n*mber of sessions played. This

is shoWn(29/ in. Fig. 6.2.

II 1 I 11 r

Sesion

Fig. 6.2 Enjoyment Curve

(a) The perceived enjoyment'was determined on an ordinal scale
using questionnaires both during and after the game.

(29) N. Rackham Ibid.
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The enjoyment'curve has- a distinct "trough". The enjoyment

drops after the initial novelty and excitement wears off. 'Then,

(however, it increases as the player applies his knowledge and tries

out new strategies.

The trough of percieved enjoyment shifts (to the right like the

information curve) with the complexity of the game. In most cases

though, the trough corresponds to the flat (or low) part of the

information curve. This means that at times-of the game, both curves

are simultaneously low. This-could partly be compensated by changes

in the complexity of the game and is a point when the game administrator

must be most alert.

Gaming is also used to learn about modeling. Kossack
(30)

observes :

"Within this admittedly artificial environment, games give

participants an opportunity to compare their decision-making

assumptions with those of the game mode], to discuss and evaluate

both and .compare them critically. In other words, the game serves

as a sort-of catalyst to critical self-ana]ysis and introspection".

Such analysis and introspection cou]d ]ead to contemplation of

the meaning of the function and relationships: their need.and

significance; any ambiguities and their clarifi'cations; the

contradictions and their being resolved.

Gaming can also be used for research on group-decision-making.

In rea] ]ife, decisions in budgeting and planning are collective

group decisions. These can be simu]ated in a game for different

types of groups.

00) InfSimulation and Gaming, A symposium.

47



-50-

One variable is the size of the group - or the team in the case of

the game., As this increases, the cross currents increase more than,

linearly, and the group-dynamics become more complex. Decisions

take longer and are more difficult. But what are the relationships

involved and what is the \optima] or near- optima]. size?

',Another variable is the composition of the group. How would

the decision-of ail administrators differ from that of ail

scientists, or a]] professors'or all business managers?' And why?

What is the best mix not only in terms of functional background but

also in terms of experience and knowledge in quantitative methods?

And even emotional make-up and age?

Yet another variable is the organisation of the teat. One

may ask how the decision varies with different organisational

patterns. One'possibility is for the game administrator to appoint

a "r ctor"-or "chancellor" for each team. Another would be

to ake each team elect its own head. The third alternative would

be o let the team evolve its own organizational structure (or

a ] ek of one) as it makes its decisions.

Another strategy would be,to have an "observer" in each team who

w uld then share his observations during the game evaluation.

Making him an observer (previously announced -or planted) does give him

an emotionally objectiveView and could add to the evaluation.'

Each of these eiterpatives and yet others can be simulated

individua,ily or collectively with other alternatives of team

size and composition. Even if they were not used for testing

research hypotheses they would be a valuable experience for players

in group decision-making.

6.2 Limitations of Games

A game mode] is only as good as the perception of its designer.

This perception is not'only of the objectives of the game (and

needs of the players) but also of the realism of the environment

necessary to meet the objectives. The realism must of course be

balanced with simplicity. But even with the 'best balance

there are many situations excluded from the game, including

those of high risk and high payqff. But these are preciely

the situations that many a player would wish to explore since he
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cannot do so in real life. As a consequence of this 'inability,

\ the player is frustrated and dissatisfied with the game.

The game has a psychological limitation in that it Is never

considered as "real", But experience with games has shown that

once the players accept the laboratory nature of the game, they

quickly adjust to the constrained environment and if the game

problem is made sufficiently difficult (and progressively more

difficult with each play),...then the players find the game not only

meaningfUl but even enjoyable and sometimes even exciting.

The ]imitations of gaming is sometimes related to the way it is

administered. This invo]ves many-decisions like the selebtion

of players, the size, composition and organisation of the teams,

the time allowed for each play, and even the number of plays allowed;

This last factor is important in ,long range planning games where

it is necessary to have many plays to see and ]earn from the

ponsequence of earlier decisions. The factor is important even in

the U.S.G. where the investment of faculty in curriculum development

has a delayed effect on the curriculum quality index(31).

The number of plays allowed also has an effect on percieved

enjoyment and information acquisition as discussed in Figures

6.] and 6.2. These curves show that the highest perceived enjoyment

and highest.information acquisition takes place only after a number

of plays.. This suggests that this point of maximum enjoyment

and learning will never occur if the game is not played long

enough. How long will depend on the complexity of the gate and

the responses of participants.

The use of the game is greatly limited if the players are not

carefully oriented about the game mode] and the rules of the game.

This must be\done before the starting of the game. Once the game

starts, the game' administrator must be responsive to the needs

of the players and altert to opportunities where learning can be

initiated or reinforced.

(751) This relationship is not included in the discussion of USG in
Section 3 because it was considered a "detail" and not part

of the basic Jogic of 'the mode] .
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In summary, it must be rec gnised that there are some limitations

to games but these are over_we ghed by the advantages and values'

of gamed. This is reflected i the fact that games are used

in mast gchools of Business in th U.S. In some cases they are

an entire course reqdired of stude is in management. Such a

'requii.ement may never be made of. edu ational would-be managers but

certain games should be made accessib e to them as well as to current

educational managers. It is to facili ate that process that this

manuscript is written.

4
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Annonated Bibliography

This bibliography is concerned with survey type material on

gaming and related topics. The citations,in the text will not

be repeated unless the titles are not full\expressive of their

content or-the-citation was too specific.

This bibliography also excludes references to RRPM ].6 which

appear in a special Annotated set of references in the Appendix.

Greenlaw, Paul S., Lowell W.
Herron'and Richard H. Rawdon

Busine'ss Simulation in Industrial

and University Education,Englewood

Cliffs, N.J. : Prentice Hall Inc.'

1962.

Though written for business games this book has much that is

relevant to games for university management especially the

chapters on the mechanics, logistics and organization of games. It

also has an annotated list of many functional games.

Hussain, K.M Institutional Planning Models in Higher Education

Paris : Centre for Educational Research and

Innovation. OECD Paris 1973 (also translated in

French).

This is the en1y survey of resource planning models iwboth

Europe and the U.S.A. including RRPM and TUSS. It covers both

the logic and problems of implementation.

Tansey P.J. (ed) Educational-Aspects of Simulation

London : MCC/raw Hi]], 197].

This is a set of articles on simulation and gaming as used not

only in teaching and in educational institutions but also in war

games'and international relations. It provides many inSights

in the edudational a d training values of gaming and simulation.

Also included is a li ting of games and simulations used in both

the U.S. and Europe.
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Thomas C. J. and W. L. Deemer Jr. "The Role of Operational. Gaming"
in Operations Research Vol. 5 No. 3
Feb. 1957.

This is a survey of gaming. It is "old" but still very valid.

Even though it appears in a mathematically oriented journal, it

does not require any mathematical pre-requisites for its understanding.

It is highly recommended fOr the serious reader.
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INTIODUCTION TO APPENDICES

To enable an' interested party to run--either USG or RRPM 1.6,
___--

one need's a set of technical material. This is the content of this

appendix. With the hej.p of the appendix and the text of this manu-
,

script, one shouldflae-'able to comprehend and run both USG and RRPM 1.6.

To use these models in a game context, there aretwo companion manuals,

one for USG, and one 'for the extension of USG using RRPM 1.6.

these two companion manuals are available at,,, the IMHE/OECD, Paris.

oth these manuals have almost the same content : the parameters and

decision variables in the model; the output and input with samples;

strategies of the game; comparison of USG and RRPM 1.6 (in the

RRPM 3.6 Manual only); and .'glossary of terms.

On RRPM 1.6, there is much documentation, both conceptual and

technical.. In'fact, there is so much that there is perhaps a need

for a guide through its literature. This is done in Appendix A.

.For USG the logic is illustrated by a simple numerical example.

This is done in Appendix B.

There is very little available in English on the systems

documentation of USG. The one flow chart available is given in

Appendix C. This is followed by a program listing of USG which

appears in Ap*adix D.

Summarizing,'we have the following four appendices ;

A. Guide to ODocumentation On RRPM ]..6.

B. Numerical solution to USE

C. Systems Documentation on USG.

D. Program Listing of USG.

3



-57-

Appendix A

Guide t Documentation on RRPM 3.6

No documentation on RRPM J.6 is included in this appendix

because it is ']ready published and easily available eiewhere.

What is perhap needed is a guide to this literature and it is

the purpose of this Appendix.

An excellent description of the mode] and its logic expressed

in flow diagram is,Introduction to the Resource Requirements

Prediction Mode): 3.6, by.Clark et. a]. 3973 NCHEMS Technical Report

34k. Also included are a set of numerical example's of each type

of computation. There are no mathematical pre-requisites for reading

this manual. A desire to learn is all that is required.

Anyone wishing to run RRPM 3.6 should get its Systems' Documentation:

Resource Requirements Prediction Model 3.6 System Documentation

by W.J. Collard And M.J. Haight 3973 : NCHEMS Technical Report No. 38.

This includes a systems narrative and flow; the program documentation

and flow; input specifications and sample input forms; record

design forms; system messages and finally, a brief chapter on systems

modification. necessary for implementing on different other computer

equipment.

Supporting the systems documentation is a computer program listing in.

Resource Requirements Prediction ModeJ J.6 Program Listings 3973

NCHEMS Technical Rport 3,9. This is a 303 page set of listings of'

'all the programs and sub-programs needed to run RRPM 3.6. It does

not include the JCL (istings which will vary from computer to

computer.

This document includes a set of demonstration data. This data

produces a set of output reports.: These are provided for checking

and reference in Resource.Requirements Prediction Mode] 1.6 Reports.

973,NCHEMS Technical' Report 34B.

For those who wish to implement RRPM 3.6 as a.planning and

budgeting technique (rather than use it as a game only), there

is "A Blueprint for 'RRPM.J.6 Application"'.by R. A. Huff and M.E.

Yo g, 3973. It includes-a set of diagrams appropriate for ,use as

vi uals.
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For technica] considerations of implementing,TtRPM,,,p,ut

RRPM ].3 in particu]ar, see K.M. Hussain, A Resource Requirement

Prediction Mode] (RRPM-]) :Guide for the Project Manager, 3973

NCHEMS Technica] Report No. 20. For the experiences of pilot

institutions in imp]ethenting RRPM 1.3, see-K.M:."--Husie.in and J.a.
Martin

)
A Resource Requirement Prediction Mode] (RRPM ]) - Report

on the Pilot Studies ]971. NCHEMS Technical. Report No. 21,

RRPM is just one component of a set of institutiona] planning

mode]s. For an imp]ementation of RRPM ].6 as part of a set of

other p3anning mode]s, see R. Huff et. al.,'Imp]ementation of NCHEMS

P]anning and Management Tools at California State University,

Fullerton 3972

All the citation's in this appendix are pub]ications of NCHEMS

at WICHE, - the Nationa] Center of Higher Education Management
ok

Systems at WICHE.- These pub]ications can be acquired (if sti3]

in print) for a nomina]l production cost from NCHEMS at WICHE,

P.O.Box P, Boulder, Co3orado, U.S.A. 80302. A]so available

. at production cost is a copy of the RRPM program (RRPM ].3 or 3.6)

on magnetic tape.
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Appendix B

Numerical Solution for USG

This appendix is designed to supplement the text discussion

of the ,logic of USG. A simple set of environmenta3,bonclitions will be

used to calculate all the output generated by USG.

The format will be graphic rather than textual. The flow

diagram in the text will be used so as to provide reinforcement

to the text.

For clarity and reference, the calculations will be followed by

list of decision variables and parameters. In each case; there

will be a reference for each item to the diagrams in the text.

Problem:

Consider the following environmental conditions :

Ratio of hours spent by instructional staff for each hour

spent by student in lectures 2

self instruction = 7.5

small groUps = 7.6

laboratories = 1.33

exams = 0.02

individual work 0.0)

Total effort of each instructional staff for ). academic,

year (average) = 2000 hours

Average annual salary of teaching staff and staff for

curriculum development = $26,000

Average annual salary of student assistants = $8,000

The departmental staff had a meeting and dedided on the:

following :

Maximum group size = JO

Curriculum period = 5 years.

5 6
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The staff availability was projected in PTE as follows :

teaching = J5

curriculum development = 0

student assistants = 5

Percentage tiffie-spent by average instructional staff (member

on teaching = 0.4

on research = 0.3

on other activities = 0.3

The institutional management had a policy planning meeting and

discussed institutional objectives. They discussed instructional

quality and determined the following weights for each hour spent

by a student in the different activities :

lecture = ]

self-instruction = 6

small- groups = 4

laboratories = 4

exams =

individual work = 4

This, top management group also reviewed decisions by the departmental

group and after asking for some justification from this group, fully

approved their decisions ;as listed above).

The Office of Planning was asked to project the student enrolment

for the "facu]teit" under consideration. After much discussion

and computations, they projected an annual enrolment of students

for the planning year at a] levels = 53

The Office of Institutional Research was asked for data on

student, effort spent and distribution of effort. They used

historical data and made a survey of student attitudes. Their

projections for the planning period were as follows :

Average hours spent by each student per year 1600'

3 7



Distribution of student effort (in percentages) are

lecutures = 0.40

special-instruction = 0.03

small-groups = 040
laboratories = 0.72

exams = 0.20

individual work = 0.15

Note on problem statement

The order of values given above follow fairlyclosely to the

order in which they are listed as decision variables or parameters

(Figures B3 and B4). In reality, the data is npt so easily

available and must be either calculated,researched or negotiated.

Furthermore, many groups are typically involved. Some of this

flavour is attempted in the problem definition above. Of course,

it is oversimplified.

Given the above data, you are required to calculate the following :

J.. Shortage or surplus of instructional staff hours

2. Student Staff ratio (where staff is for teaching and

. curriculum development)

3. Teaching staff and student assistant ratio

4. Total salary costs

5. Salary costs per student.

The numerical solution is shown in Figures B1.1, B1.2 and B1.3.

They can be compared to the solution by the computer program which

appears in Figure B2. Note that the values appeAring in both

cases have the same values. Only some of the input is shown in

the computer report for purposes of checking and reference.

These inputs are referred in the lists of decision variables

(Figure B3)rand,to the computer output (Figure B2). Some values in

the output are derived. An example is the percentage of research.

The percentage of research and teaching. is to be taken ,as 70% and

giVen that teaching is 40% then the research becomes 30% (S in

Figure B2) and other activities becomes 30% (T). Also, the number

of groups (W) is derived data calculated by dividing the number of

students'(U) by the maximum group size (V). These references of

output in FigUre B2-and the text are shown in a table tnFigure B5. 1
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UNIVERSITY CF UTRECHT BIOLOGY

73-74

GENERAL DATA
SHORTAGE/SURPIUS T-111)URS (IN 100'S) -207.60,
STUDENT/STAFF RATIO 25.00
STAFF/ASSISTCNT RATI) 3.00
CURRICULUM QUALITY 90.65
SALARY COSTSAUSD1 IN 10000'S) 43.00
SAL-COSTS/STUDENTS (USO, IN.1001S) 8.60

CURRICULUM
STUDENTHOURS/YEAR (IA
PERCENTAGE LECTURES
PERCENTAGE SELF INSTRUCTION
PERCENTAGE SMALL GROUPS:
PERCENTAGE LABORATORY
PERCENTAGE EXAMINATI)NS
PERCENTAGE INDIVIOUAL WORK
CURRICULUM YAPS

100'S)

PERSONEL
STAFF IN TEACHING
STUDENTASSISTENTS
STAFF IN CURRICULUA
PERCENTAGE SPENT ON
PERCENTAGE SPENT ON
PERCENTAGE' SPENT 01

STUDENTS
NUMBER CF STUDENTS
GROLPSIZE MAXIMUM
NUM FR CF GR)UPS

-1EVELOPEMENT
TEACHING
RESEARCH
)THER ACTIVITIES

16.00
40.00
3.00

10.00
12.00
20.00
15.00
5.00

15.00
5.00
0.00

40.00
30.00
30.00

500.00
10.00
50.00

REFERENCE
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B
C

D
E

G
H
I

J
K
L
M

0
P

Q
R
S

T

V

Figure B 2

Computer output for probJem
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r.

Figure B 3: List of Decision Variables

Decision Variable

Reference to
Text Chapter
3.

Reference to
output in Appendix
Figure B 2

J. Number of student hours of effort
per year

'2. Percentage of student effort
distribution between

. lectures

,special instruction

small groups

laboratories

exams

. individual work
(must ,total to 100)

Years of study in curriculum

4. Number of students for all years

Maximum group size (at all levels)

6 Teaching staff available (full time
equivalent i.e. FTE)'

7. Student assistants available (in FTE)

8. Percentage of total. effort of
instructional staff available for
teaching

9 Staff for curriculum development
available (FTE)

Figure 3.1/l

Figure 3.1/2

Figure 3.2/14
Figure 3.8/34

Figure 3.3/21
Figure 3.4/21

Figure 3.3/22
Figure 3.8/22

Figure 3.5/32
Figure 3.6/32

Figure 3.5/33
Figure 3.6/33

Figure 3.5/37

Figure 3.6/40 Q,



Figure B 4: List of Parameters

Parameter Reference to text

1. Ratio of hours spent by instructional staff
fer each hour of student in Jecture Figure 3.2/9

2. Ratio of hours spent' by instructional staff
for each hour spent by student in self
instruction

r

Figure 3.2/J)

3. Ratio of hours spent by instructionaJ staff
for each hour by student in smaJJ groups Figure 3.3/36

,.,

4. Ratio of hours spent by instructional staff
for each hour spent by students in Jaboratories Figure 3.3/J8

5. Ratio of instructional staff'effort to student'
effort in exams Figure 3.4/25

6. Ratio of instructional staff effort to student
effort in individual work Figure 3.4/27

7. Hours of total effort for each instructional
staff for each academic year Figure 3.5/35

8. Average annual salary for teaching student
assistants Figure 3.6/44

,

9. Average annuaJ salary for teaching staff and
staff in curricuJum'development Figure 3.6/46

JO. Weights/hr by students for

. Jecture Figure 3.7/50

. self instruction . /5)

. smaJJ groups /52

. Jaboratories /53

. exams .
/54

.

. indii'fiduaJ work

ll. Weights for group size

/55

Figure 3.8/57

32. Standard score Figure 3.8/6]
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Figure B5 1 Caieulated Results-ih USG

Items of calculated Results

Reference to
sample IL
P.ppendix
Figure 32 Reference to text

Shortage /surplus in hours

Student Staff Ratio

;Staff /Assistant Ratio

Curriculum Quality 'Index)

Salary Costs

Salary-Costs/student,

A

C

I)

F

Figure 3.5/3g

Figure 3.6/42

Figure 3.6/43

Figure 3.6/62

Figure 3.6/1L

Figure 3.6/49

6
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Appendix C

Systems Documentation for USG

Ail that is avai]ab]e in English, is a system-flow

chart for the U.S.G. which falows.
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Appendix D

Program Listing for USG

The program listing' for the USG that generates output in

English'appears in this Appendix. The program is designed for

batch-processing., Another program for terminal processing is

also available but not included in this appendix.

The program listing is not inconsistent with the logic

Plow discussed in chapter 3. But the latter was writteh after

the program and for pedagogical and other reasons, it has

a different ordering and aggregation of the calculations.
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